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$\dot{x}=f_{1}(x, y)$ , $\dot{y}=f_{2}(x, y)$ (2)
. $t$ , $t=0$
. , ,
$h(y,\dot{y})$ $h(x, y)$ , $h(y(t),\dot{y}(t))=h(y(0),\dot{y}(0))$
$h(x(t), y(t))=h(x(O), y(O))$ .
$\dot{x}=-y$ , $\dot{y}=x$ (3)
, $h(x, y)=x^{2}+y^{2}$ , 1
.
1:(3)
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, . ,
, 1
$\dot{h}(x, y)=h_{x}\dot{x}+h_{y}\dot{y}=h_{x}f_{1}(x, y)+h_{y}f_{2}(x, y)=0$ (4)
(2) $h$ .







, $r>1$ , $r<1$ , $r=1$









$\dot{x}=h_{y}$ , $\dot{y}=-h_{x}$ (8)
. . , (x, y)
, \infty




$\dot{h}(x, y)=-(h(x, y)-h_{\infty})(h_{x}^{2}+h_{y}^{2})$ (10)
, $h(x, y)>h_{\infty},$ $h(x, y)<h_{\infty}$ $h(x, y)$ ,
, $h(x, y)=h_{\infty}$ (x, y) .









$\neq g_{n}\Delta f_{n}+f_{n}\Delta g_{n}$
, . ( $\Delta$ $\delta$
$\Delta f_{n}=(f_{n+1}-f_{n})/\delta$ .) ,
$(f(g))’=f’(g)g’$ (13)




. (xn-l, $x_{n}$ ) , $n$
2 ,
$\Delta h(x_{n-1},x_{n})=\frac{1}{\delta}(h(x_{n}, x_{n+1})-h(x_{n-1},x_{n}))=0$ (15)
, $x_{n+1},$ $x_{n},$ $x_{n-1}$ .
(QRT) ( )
(x, $y$ ) $=x_{n}+x_{n-1}+ \frac{x_{n-1}}{x_{n}}+\frac{x_{n}}{x_{n-1}}+(c+1)(\frac{1}{x_{n}}+\frac{1}{x_{n-1}})+\frac{c}{x_{n}x_{n-1}}$ (16)
,





$h$ . $h(x, y)$ $x,$ $y$






\Delta (xn-l, $x_{n}$ ) $= \frac{1+x_{n}}{x_{n}x_{n+1}}(x_{n+1}-x_{n-1})(x_{n+1}-\frac{c+x_{n}}{x_{n-1}})<0$ $>0$ (19)










$\bullet$ $x_{n+1}=f(x_{n-1}, x_{n})$ 2 .
$\bullet$ $f(x, y)$ $X,$ $y$ .
$\bullet$ ( ) QRT (xn-l, $x_{n}$ ) .




, QRT $[3, 4]$ . 3
$A,$ $B$ .
$=\{\begin{array}{lll}a_{00} a_{01} a_{02}a_{0l} a_{l1} a_{l2}a_{02} a_{12} a_{22}\end{array}\}$ , $B=\{\begin{array}{lll}b_{0} b_{01} b_{02}b_{0l} b_{l1} b_{12}b_{02} b_{12} b_{22}\end{array}\}$ (20)
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$f_{1}(x)\sim f_{3}(x)$ $N(x, y),$ $D(x, y)$ .
$\{\begin{array}{l}f_{1}(x)f_{2}(x)f_{3}(x)\end{array}\}=A\{\begin{array}{l}x^{2}xl\end{array}\}\cross B\{\begin{array}{l}x^{2}x1\end{array}\}$ ,
(21)
$N(x, y)=[x^{2}x1]A\{\begin{array}{l}y^{2}y1\end{array}\}$ , $D(x,y)=[x^{2}x1]B\{\begin{array}{l}y^{2}y1\end{array}\}$
$\cross$ . , QRT
$x_{n+1}= \frac{f_{1}(x_{n})-x_{n-1}f_{2}(x_{n})}{f_{2}(x_{n})-x_{n-i}f_{3}(x_{n})}$ (22)
, $h(x_{n-1}, x_{n})$
(x, $y$ ) $=N(x, y)/D(x, y)$ (23)




, (22) $0$ .
2.2 QRT
QRT , . , (20),
(21) $A,$ $B,$ $f_{1}(x)\sim f_{3}(x),$ $N(x, y),$ $D(x, y)$ , (x, y)
(23) . $h(x, y)$ $n$
.
, (22) .
$x_{n+1}= \frac{f_{1}(x_{n})-x_{n-1}f_{2}(x_{n})-\alpha_{n}x_{n-1}(\text{ _{}n- _{}\infty})}{f_{2}(x_{n})-x_{n-1}f_{3}(x_{n})-\alpha_{n}(\text{ _{}n- _{}\infty})}$ (25)
\infty , $a_{n}$ $x_{n-1},$ $x_{n}$ ( )
. (22) , $\alpha_{n}$ .
$x_{n+1}(f_{2}(x_{n})-x_{n-1}f_{3}(x_{n}))-(f_{1}(x_{n})-x_{n-1}f_{2}(x_{n}))=\alpha_{n}(x_{n+1}-x_{n-1})(\text{ _{}n}-h_{\infty})(26)$
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, , (24) $h,$ $f_{j},$ $D$
(26) (24) ,
$h_{n+1}-h_{\infty}=(1- \alpha_{n}\frac{(x_{n+1}-x_{n-1})^{2}}{D(x_{n-1},x_{n})D(x_{n},x_{n+1})})(h_{n}-\text{ _{}\infty})$ (27)
. ,
$0 \leq\alpha_{n}\frac{(x_{n+1}-x_{n-1})^{2}}{D(x_{n-1},x_{n})D(x_{n},x_{n+1})}\leq 1$ (28)





(25) , $\alpha_{n}$ $x_{n}$ $x_{n-1}$
, $x_{n+1}$ . , (28)
$\alpha_{n}$ , (28) $x_{n+1}$ (25)
. (25) $\alpha_{n}$ , (28) $\alpha_{n}$
, . ,
$D(x_{n_{-1}}, x_{n})$ $D(x_{n}, x_{n+1})$ $n$ ,
.
, $QR\Gamma$ ,
. , (20) $A,$ $B$ ,
$fi(x)\sim f_{3}(x)$ $D(x, y)$ , (28) .
, (28) $\alpha_{n}$ .
3 I
(20) $B$ .
$[5, 6]$ I .
$B=\{\begin{array}{lll}0 0 00 0 00 0 1\end{array}\}$ (29)
$f_{1}(x)=a_{01}x^{2}+a_{11}x+a_{12}$ , $f_{2}(x)=-(a_{00}x^{2}+a_{01}x+a_{02})$ ,
$f_{3}(x)=0$ , $D(x, y)=1$ , (30)
$h(x, y)=a_{00}x^{2}y^{2}+a_{01}xy(x+y)+a_{02}(x^{2}+y^{2})+a_{11}xy+a_{12}(x+y)+a_{22}$
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,$x_{n+1}=x_{n-1}+ \frac{f_{1}(x_{n})-2x_{n-1}f_{2}(x_{n})}{f_{2}(x_{n})-\alpha_{n}(h_{n}-\text{ _{}\infty})}$ (31)
. $\alpha_{n}$




$\alpha_{n}((f_{1}(x_{n})-2x_{n-1}f_{2}(x_{n}))^{2}+f_{2}(x_{n})^{2}+(h_{n}-\text{ _{}\infty})^{2})\leq f_{2}^{2}(x_{n})$ (34)
$0\leq\alpha_{n}$
$\alpha_{n}$ ( $(f_{1}(x_{n})-2x_{n-1}f_{2}(x_{n}))^{2}+2$ f2(xn)( n–h\infty ))
$\leq\alpha_{n}((f_{1}(x_{n})-2x_{n-1}f_{2}(x_{n}))^{2}+f_{2}(x_{n})^{2}+(\text{ _{}n- _{}\infty})^{2})$ (35)
$\leq f_{2}^{2}(x_{n})\leq f_{2}^{2}(x_{n})+\alpha_{n}^{2}(h_{n}-\text{ _{}\infty})^{2}$
(33) . $\alpha_{n}$
$0 \leq\alpha_{n}\leq\frac{f_{2}(x_{n})^{2}}{(f_{1}(x_{n})-2x_{n-1}f_{2}(x_{n}))^{2}+f_{2}(x_{n})^{2}+(h_{n}-h_{\infty})^{2}}$ (36)
. , $0\leq p\leq 1$ $P$ $\alpha_{n}$
$\alpha_{n}=p_{\ovalbox{\tt\small REJECT}}^{f_{2}(x_{n})^{2}}(f_{1}(x_{n})-2x_{n-1}f_{2}(x_{n}))^{2}+f_{2}(x_{n})^{2}+(h_{n}-\text{ _{}\infty})^{2}$ (37)
(36) . , $p=0$ $h_{n}$
.
.
$x_{n+1}=x_{n-1}+ \frac{f_{1}(x_{n})-2x_{n-1}f_{2}(x_{n})}{f_{2}(x_{n})-\alpha_{n}(\text{ _{}n- _{}\infty})}$ ,
(x, $y$ ) $=a_{00}x^{2}y^{2}+a_{01}xy(x+y)+a_{02}(x^{2}+y^{2})+a_{11}xy+a_{12}(x+y)+a_{22}$ ,
$f_{1}(x)=a_{01}x^{2}+a_{11}x+a_{12}$ , $f_{2}(x)=-(a_{00}x^{2}+a_{01}x+a_{02})$ ,
$\alpha_{n}=p_{\ovalbox{\tt\small REJECT}}^{f_{2}(x_{n})^{2}}(f_{1}(x_{n})-2x_{n-1}f_{2}(x_{n}))^{2}+f_{2}(x_{n})^{2}+(\text{ _{}n- _{}\infty})^{2}$ $(0<p\leq 1)$
(38)
$(a_{00}, a_{01}, a_{02}, a_{11}, a_{12}, a_{22})=(1,2,3,1,1,0),$ $h_{\infty}=5,$ $P=1$ ,
$(x_{n-1}, x_{n})$ 3 . 3(a) $(x_{0}, x_{1})=(3,2)$ ,
(b) $(x_{0}, x_{1})=(-0.2, -0.3)$ .
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$x_{n- 1}$ $x_{n- 1}$
(a) (b)
3: $p=1$
, $P$ , $P$ $p=0.02$
4 .




. , $p=0$ , $P$ $0$










. , QRT (20)
$B$
$B=\{\begin{array}{lll}0 0 00 1 00 0 0\end{array}\}$ (39)
. $A$ . II .
(25)










$a_{ij}$ $a_{ij}\geq 0$ .
$x>0$ $g_{1}(x)>0,$ $g_{2}(x)>0$ , $x,$ $y>0$ (x, $y$ ) $>0$ . (43). \infty >0, $\beta_{n}\geq 0$
$x_{n-1}>0,$ $x_{n}>0$ (40) $x_{n+1}>0$ . (40)
. $n$ $x_{n}>0$
(28) $h_{n}$ . (28)
. (40), (41) (28) , , (43)
. , (43) (40) 1
(42) , $h(x_{n-1}, x_{n})=h_{\infty}$
. , $\beta_{n}$ $\alpha_{n}$ $0$ , $h_{n}$ .
6 . , $(a_{00}, a_{01}, a_{02}, a_{11}, a_{12}, a_{22})=$








$a_{02}=c_{02}$ , $a_{11}=-2c_{02}+\delta^{2}c_{11}$ , $a_{00}=\delta^{2}c_{00}$ ,
(44)
$a_{01}=\delta^{2}c_{01}$ , $a_{12}=\delta^{2}c_{12}$ , $a_{22}=\delta^{2}c_{22}$ ,
$\text{ _{}\infty}=\delta^{2}h_{\infty}\sim$ , $\beta_{n}=\delta/\tilde{\beta}$
(40) $\sim(42)$ , $\deltaarrow 0$
.




$(c00, c_{01}, c_{02}, c_{11}, c_{12}, c_{22})=(2,1,1,0,1,1),$ $\overline{h}_{\infty}=8,\tilde{\beta}=0.2$ , 7(a)
$y(O)=1,$ $y’(O)=0,$ $(b)$ $y(O)=y’(O)=0$ .







$a_{ij}=e^{A_{:j}/\epsilon}$ , $x_{n}=e^{x_{n}/\epsilon}$ ) $h_{\infty}=e^{H_{\infty}/\epsilon}$ , $\beta_{n}=e^{B_{\mathfrak{n}}/\epsilon}$ (46)
(40) $\sim(42)$ , $\epsilonarrow+0$ ,
$X_{n+1}=G_{1}(X_{n})-X_{n-1}-G_{3}(X_{n})$
$+ \max(H_{\infty}+G_{1}(X_{n}), H_{n}+2X_{n-1}+G_{3}(X_{n}),$ $B_{n}$ )
$- \max(H_{n}+G_{1}(X_{n}), H_{\infty}+2X_{n-1}+G_{3}(X_{n}),$ $B_{n}$ ), (47)
$G_{1}(X)= \max(A_{02}+2X, A_{12}+X, A_{22})$ ,
$G_{3}(X)= \max(A_{00}+2X, A_{01}+X, A_{02})$
$H_{n}=H(X_{n-1}, X_{n})$ ,
$H(X, Y)=\max(A_{00}+2X+2Y,$ $A_{01}+X+Y+ \max(X, Y)$ ,




$\lim_{\epsilonarrow+0}\epsilon\log(e^{A/\epsilon}+e^{B/\epsilon}+\cdots)=\max(A, B, \cdots)$ (49)
. 8 . ( 00, 01, 02, 11, $A_{12},$ $A_{22}$ ) $=$
$(13,71,11,17,43,23),$ $H_{\infty}=1OO,$ $B_{n}=0$ , 8(a) $(X_{0}, X_{1})=$












(38) $P$ , $(x_{n-l}, x_{n})$ $0<p\leq 1$
. $p=0$ $h(x_{n-1}, x_{n})=$ (xn’ $x_{n+1}$ ) ,
. , $P$ $n$ $0$ 1 ..
, $narrow\infty$ \infty .
$P$ $n$ . , $M$
1 $p=c$ , $h_{n}$
.
$P(p=0)=1- \frac{1}{M}$ , $P(p=c)= \frac{1}{M}$ (50)
9(a) $M=30,$ $c=0.5$ . $P$ 3(a)






(38) $P$ $0$ $h_{n}$ , 1 . , $P$
n , $h_{n}$ $P$
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.$p=c_{0}+(1-c_{0})$ sin2 $(c_{1}(h_{n}-h_{\infty}))$ (51)
. $p$ n $c_{0}$ 1
, $h_{n}$ $2\pi/c_{1}$ . 10 (a) $c_{0=0.00004,C_{1}}=0.2$
. $p$ 3 (a) . 10 (b) $h_{n}$






(40) (43) (42) $h$ . $\beta_{n}$
. , $x_{n}^{(1)}$ $x_{n}^{(2)}$ 2 $x_{n}$ ,
$\beta_{n}$ .
(40) $Q=1,2$) .
$x_{n+1}^{(j)}= \frac{g_{1}^{(j)}(x_{n}^{(j)})}{x_{n-1}^{(j)}g_{3}^{C)}(x_{n}^{(j)})}\cdot\frac{\text{ _{}\infty}^{(j)}g_{1}^{(j)}(x_{n}^{(j)})+\text{ _{}n}^{(j)}(x_{n-1}^{(j)})^{2}g_{3}^{(j)}(x_{n}^{(j)})+\beta_{n}^{(j)}}{\text{ _{}n}^{(j)}g_{1}^{(j)}(x_{n}^{(j)})+h_{\infty}^{(j)}(x_{n-1}^{(j)})^{2}g_{3}^{(j)}(x_{n}^{(j)})+\beta_{n}^{(j)}}$ (52)
$g_{1}(x),$ $h_{n}$ , \infty $x_{n}^{(1)},$ $x_{n}^{(2)}$ 2 . , $\beta_{n}^{(j)}$ $x_{n-1}^{(1)}$ ,
$x_{n}^{(1)},$ $x_{n-1}^{(2)},$ $x_{n}^{(2)}$ $h_{n}^{(1)},$ $h_{n}^{(2)}$ .
11 . , (41), (42) $g_{1}^{(j)},$ $g_{3}^{(j)},$ $\text{ _{}n}^{(j)}$
$a_{ij}$ $j=1,2$ $(a_{00}, a_{01}, a_{02}, a_{11}, a_{12}, a_{22})=(1,0,0,0,1,2)$
. , $h_{\infty}^{(1)}=\text{ _{}\infty}^{(2)}=5$ $\beta_{n}^{(j)}$
$\beta_{n}^{(1)}=1000$ , $\beta_{n}^{(2)}=\exp(100(h_{n}^{(1)}-h_{\infty}^{(1)}))$ (53)
. $(x_{0}^{(1)}, x_{1}^{(1)})=(x_{0}^{(2)}, x_{1}^{(2)})=(5,1)$ . $\beta_{n}^{(1)}$
, $x_{n}^{(1)}$ $x_{n}^{(2)}$ . , $x_{n}^{(2)}$
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$x_{n}^{(1)}$ $h_{n}^{(1)}$ . , $\beta_{n}^{(2)}$ ,
(53) $h_{n}^{(1)}$ , $h_{n}^{(2)}$ . exp
, $\text{ _{}n}^{(1)}$ $h_{n}^{(2)}$ . 11
. , $x_{n}^{(1)},$ $x_{n}^{(2)}$
12 (a), (b) . $x_{n}^{(1)}$ , $x_{n}^{(2)}$
n2) $=h_{0}^{(2)}$ .
(a) (b)
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